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The  extensive  investigation  of the  action of the  vagus  nerve  on 
the mammalian heart has given many facts, but has left some ques- 
tions still unsettled.  It has been established by animal experimenta- 
tion  that  stimulation  of  the  vagus  nerve  slows  or  stops  the  heart, 
reduces the  force of the auricular  beat,  and decreases the ability of 
the  heart  to  conduct  the  wave of contraction  from  the  auricles  to 
the ventricles.  To what degree and in what manner  vagus stimula- 
tion  affects the  ventricles  directly  are  questions  which  are  not  yet 
definitely answered.  The evidence at hand indicates,  however, that 
the  nerve  acts  mainly  on  the  auricles,  and  controls  the  ventricles 
directly to a less degree.  It is difficult to say whether vagus stimula- 
tion lowers the excitability of the mammalian  heart,  but the weight 
of opinion is in favor of the occurrence of such an action. 
Largely  through  inference,  this  knowledge  of the  vagus  control 
of the heart has been applied to man.  There are,  however, a  num- 
ber  of  observations  which  make  it  highly  probable  that  the  facts 
known to be true  for other mammals  are true also for man  at least 
as far as the slowing action of the vagus is concerned.  It has long 
been known  that  pressure  over the  carotid artery  on either  side of 
the neck may cause a long pause in the cardiac rhythm.  This effect 
was  first  described  by Czermak, 1 and  the  phenomenon,  now  gen- 
* Received for publication, June 25, I9I I. 
1  Quoted by Quinke2 
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erally considered as a result of vagus stimulation, has been discussed 
by Thanhoffer, 2 Quinke, 3 Hering, 4 Wenckebach  ~ and others. 
In the course of an observation upon one of our patients  involv- 
ing synchronous auscultation of the precordium and palpation  of the 
left carotid  artery,  a  long pause of the heart occurred.  This  stop- 
page of the heart beat was attributed  to the mechanical  stimulation, 
by pressure, of the vagus nerve in the neck, and led us to investigate 
the phenomenon further with the aid of the electrocardiograph. 
The patient was placed on a bed beside the electrocardiograph  and 
the  electrodes  attached  to  the  right  arm  and  left  foot,  the  second 
lead  being  usually  employed.  Records  were  taken  synchronously 
from  the  brachial  artery,  the  pulse  wave  being  received  by  the 
turgosphygmograph  described  by  Koziczkowsky2  During  the 
recording  of the  curve,  digital  pressure  was  made  over  either  the 
right or left carotid artery at about the level of the cricoid cartilage 
inside the anterior margin of the sterno-cleido-mastoid muscle.  The 
moments of making and removing the pressure are indicated in most 
of the records. 
The  disadvantages  of  the  method  are  its  uncertainty  and  its 
danger  to the patient.  The  stimulation  cannot,  of course, be mea- 
sured  accurately quantitatively,  or as  to  its  duration,  and  it  is im- 
possible to  tell when  the  actual  stimulation  begins.  Consequently, 
no  attempt  has  been  made  to  measure  the  latent  period  of  vagus 
activity. 
That  serious symptoms may follow pressure  on the vagus  nerve 
in  the  neck  is  known,  but  there  are  no  recorded  fatalities.  The 
human  heart  seems to show the same ready escape  from the vagus 
inhibition  that  Hough  7 has  shown  to  occur  in  the  lower  animals. 
~Thanhoffer,  Die  beiderseitige  mechanische  Reizung  des  Nv.  vagus  beim 
lV[enschen, CentraIbl.  f.  d.  reed.  tVissensch.,  1875, xiii, 403. 
8I-1.  Quinke,  t3ber  Vagus  Reizung beim  Menschen,  Berl.  kiln.  Wchnschr., 
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4 H. E. Hering, Die Funetionspriifung  der Herzvagi beim Menschen, Mi~nchen. 
reed.  Wchnschr.,  191o, lvii,  1931. 
K.  F.  Wenckebach,  Effects  of  Digitalis  on  the  Human  Heart,  Brit.  Med. 
Your.,  191o, ii,  16oo. 
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We have observed  no unpleasant symptoms in our patients,  and  in 
only one case has there been even the slightest evidence of circula- 
tory inadequacy  as  a  result  of the  procedure.  In  this  instance,  a 
transient  dizziness,  suggesting cerebral  anemia,  occurred.  It must 
be  borne  in  mind,  however,  that  stoppage  of  the  heart  by  vagus 
stimulation, when the  "  factors of safety" in the heart are already 
greatly reduced, may be not without considerable risk.  Pressure on 
both sides of the neck is probably hardly justified in man,  although 
we have produced it with much caution in one case.  Quinke  ~ con- 
siders  pressure  on  one  vagus  to  be  not  without  danger,  while 
Hering  4  reports  that  it  has  been  carried  out  in  his  clinic  several 
hundred times without any ill effects, and advises it as a  diagnostic 
measure. 
The method of recording the effects of vagus pressure in man by 
the  electrocardiograph  affords a  valuable  means  of  comparing  the 
human physiology with that of lower mammals.  The  method has 
been  applied  experimentally  in  animals,  chiefly  in  dogs,  by  Ein- 
thoven,  s  Hering,  9  Kahn, 1°  Kraus  and  Nicolai,  11  Rothberger  and 
Winterberg, l~, 13  and  Samojloff.  14  All these  observers  stimulated 
the  vagus  nerve  directly  with  an  electric  current.  The  striking 
similarity of our results to theirs is a  forcible argument in support 
of the statement that effects on the human heart caused by pressure 
over the carotid artery are due entirely to vagus stimulation. 
Although we have studied rather  extensively the effect of vagus 
pressure  on one patient whose heart  showed no  anatomical abnor- 
s W. Einthoven, Le t616cardiogramme,  Arch. internat,  de physiol., 19o6, iv, 132. 
W.  Einthoven,  Weiteres  fiber  Elektrokardiogramm,  Arch.  f.  d.  ges.  Physiol., 
19o8, cxxii, 517. 
Hering,  Experimentelle  Studien  an  S/iugethieren  fiber das  Elektrokardio- 
gramm, Arch.  f. d.  ges. Physiol.,  19o9, exxvii, I55. 
~0 Kahn,  Beitr/ige zur  Kenntnis  des  Elektrokardiogrammes,  Arch.  f.  d.  ges. 
Physiol.,  I9O9, exxvi,  I97. 
11 Kraus and Nicolai, Das Elektrokardiogramme,  Leipzig, I9IO. 
1" Rothberger and Winterberg,  /3ber den Ausdruck der Wirkung der Herzner- 
yen im Elektrokardiogramm,  Zentralbl.  f.  Herz  u.  Gefiisskrankheiten,  I9n,  iii, 
133. 
~SRothberger and  Winterberg,  /3bet  die  Beziehungen, der  Herznerven  zur 
Form des Elektrokardiogramms,  Arch.  f.  d.  ges.  Physiol.,  I9Io, cxxxv, 5o6. 
~4 Samojloff, Weitere  Beitr~ige zur Elektrophysiologie des Herzens,  Arch.  f. d. 
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malities, our investigation has been conducted for the most part on 
patients showing auricular fibrillation and on children with chron- 
ically diseased hearts following rheumatism.  The action of atropin 
and digitalis on the effects produced by pressure has also been studied. 
Our  present  communication, however,  will  deal  with  the  results 
obtained on hearts uninfluenced by digitalis,  and will include only 
those cases showing no anatomical cardiac abnormalities and those 
showing auricular fibrillation. 
THE  EFFECT  OF  PRESSURE  ON  THE  VAGUS  NERVE  ON  AN  ANATOM-~ 
ICALLY  NORMAL  HEART. 
We  have  made  a  somewhat  extended study  of  a  man,  whose 
heart responded markedly to  vagus  pressure,  and  whose physical 
signs revealed no definite cardiac abnormalities. 
He was  fifty-seven years  old and was admitted to the hospital complaining of 
attacks  of  sensati~)ns of  oppression  about  the  heart,  usually  coming  on  at  night 
and  lasting  ten  or  fifteen  minutes.  The  attacks  had  occurred  at  intervals  of 
every  few  days  during  a  period  of  about  six  months  and  prevented  him  from 
working as  a  bricklayer.  There  was  no definite pain  and  no  peculiar  sensations 
extended  down  the  left  arm.  He  had  smoked  excessively,  used  alcohol  rather 
freely,  and  worked  moderately  hard.  There  was  no  history  of  rheumatism, 
scarlet  fever,  or  s3-philis,  and  the  Wassermann  reaction  was  negative. 
The  pati~ent  had  a  "neurotic"  appearance,  and  the  knee  jerks  were  very 
slightly  exaggerated.  Otherwise,  the  physical  examination  revealed  no  an- 
atomical  abnormalities,  except  a  slight  increase  in  cardiac  dullness.  The  dull- 
ness  extended  5  era.  to  the  right of  the midsternal  line in  the  fourth  space  and 
I5  cm.  to  the  left  in  the  fifth  space.  The  heart  rate  was  54  per  minute;  the 
sounds  somewhat  distant  and  clear,  although the  second  aortic  sound  was  high 
pitched and  ringing in qualily.  The presence of albumin and many hyaline casts 
in  the  urine  led  to  a  diagnosis  of  chronic  interstitial  nephritis.  The  blood 
pressure  at the time  of  admission,  with the patient in  a  recumbent position,  was 
systolic  I57 ram.  Hg., and diastolic 83 ram. Hg.  Numerous observations for  two 
weeks  after admission  showed  an  unstable blood pressure.  With  the patient  at 
rest  in  bed,  the  systolic  pressure  varied  from  I5o  to  I2O  ram.  Hg.  It  was,  for 
the  most  part,  about  I25  systolic  and  75  ram.  Hg.  diastolic  by  the  auscultatory 
method.  After  exercise,  blood  pressure  and pulse  rate  estimations  showed  that 
the heart  responded  to the extra  work by a  somewhat abnormal increase in  rate, 
rather  than by  an  increase  in  output  of  blooc~  per  minute. 
The patient was seen in several of the attacks  of sensations of 
oppression, at which times the heart was markedly irregular.  The 
face  became  flushed,  but  there  was  no  pain  or  dyspnoea.  The 
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records could be  made.  It  seemed, however,  to  consist  of extra- 
systoles, following each other rapidly and in groups.  Definite ven- 
tricular extrasystoles occurred towards the end of the attacks when 
the heart was approaching its normal rate and rhythm. 
The effect of vagus  pressure  was  studied by means  of electro- 
cardiograms on several occasions.  The second lead, the right arm 
and  left  foot,  was  always  used,  and  tracings  from  the  brachial 
artery were recorded simultaneously.  The  effects of  pressure  on 
the right  and on the left side of the neck were studied.  Records 
were  made  in  the  same  manner  after  atropin  had  been  admin- 
istered.  The patient was  then put under the influence of digitalis 
and the effects of this  drug on the results  of vagus pressure were 
observed.  The observation with digitalis will not be considered at 
this time, but will form the subject of a later communication.  The 
curves reproduced show the electrocardiogram without vagus pres- 
sure  (figure I), the effect of pressure on the right side of the neck 
(figure 2), the effect of pressure on the left side of the neck (figure 
3),  and  the  effect  of  pressure  over  the  right  vagus  nerve  after 
atropin had been administered  (figure 4).  The normal electrocar- 
diogram (figure I )  is shown only for comparison with the others. 
The records obtained after the administration of atropin demon- 
strate conclusively that we are dealing with effects of vagus stimu- 
lation.  It is a well known fact, established both experimentally and 
in man, that the drug in sufficient doses blocks the effect of vagus 
stimulation on the heart.  The record (figure 4)  was made after 1.2 
milligram  (1/5o gram)  of atropin sulphate had been administered 
hypodermically  in  two  doses  forty-five  minutes  ~ipart.  A  half 
hour elapsed between the second dose and the taking of the record. 
It  is  seen  that  except  for  a  slight  slowing,  occurring  several 
beats  after  the  pressure  was  exerted,  no  effects  can  be  detected. 
This  was  the  only  occasion  in  numerous  attempts  when  marked 
effects of pressure were not readily produced. 
All the records from the patient have been analyzed to determine 
what effect the mechanical stimulation of the vagus  nerve exerted 
on the various cardiac properties,--rhythmicity, conductivity, con- 
tractility, and excitability,--which have been shown experimentally 
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In order to determine changes in rhythm (or rate), the time be- 
tween the recurrence of a corresponding point in the electrical curves 
has  been  measured.  The  beginning  of  the  ventricular  complex, 
which is well defined in all the curves as the onset of the negative Q 
wave,  has  been chosen.  Therefore  the  Q-Q  time  represents  the 
length of each ventricular cycle.  Changes in  conductivity are  de- 
termined  by  measuring  the  time  between  the  first  indication  of 
auricular stimulation, the footpoint of the P  wave, and the onset of 
the Q  wave. 
There has  always  been  considerable  difficulty in  demonstrating 
conclusively changes in contractility of the ventricle due  to  vagus 
stimulation, except when suspension curves are possible, and as  far 
as we know no previous attempt has been made to do this in man. 
Hering  4 has referred to the difficulties, however.  We believe never- 
theless that some evidence on the question may be obtained by mea- 
suring the time elapsing between the stimulation of the ventricles 
and the appearance of the brachial pulse. 
We  have  called  this  interval  of  time  the  Q-B  time,  as  it  is  measured  from 
the first indication of  the  Q  wave  and the  footpoint  of  the brachial pulse  curve. 
This  time  is  composed  of  three  factors,  (I)  the  interval  between  stimulation 
and contraction of  the ventrMe,  (2)  the  time  required by the ventricle to  raise 
the  intraventrieular  pressure  above  the  intra-aortic  pressure  and  so  open  the 
aortic  valves  (the  presphygmic  period),  and  (3)  the  time  of  pulse  wave  trans- 
mission from the aortic valves to the brachial artery.  In our previous work  15 on 
the presphygmic period, we have shown that the transmgssion time, at least to the 
carotid  artery,  is  very  short  and  fairly  constant,  so  that  variations  are  prac- 
tically  within  the  limit  of  error  of  the  method  of  measuring  the  transmission 
time;  therefore,  the variations  in transmission time to  the brachial are  probably 
insignificant.  We  have  as  yet  incomplete  and  unpublished  evidence  that  the 
onset  of  ventricular  stimulation  has  a  cons.tant  relation  to  the  onset  of  ven- 
tricular  contraction.  It  seems  probable,  therefore,  that  the  major  part  of  any 
variations  which  occur  in  the  Q-B  time  are  due  to  variations  in  the  length  of 
time  required  for  the  left  ventricle to  overcome  the in.tra-aortic  pressure.  This 
time in turn may be considered as  an index to the strength of  contraction of  the 
left  ventricle,  provided  the  iaatra-aortic  pressure  is  constant.  Changes  in.  this 
last  factor, as  well as  in the length of the preceding diastole,  must also be taken 
into  account,  however,  as  we  have  previously  shown,  in  attempting  to  draw 
conclusions  from  variations  in  the  presphygmic  period.  These  points  will  be 
considered  when  the  individual  curves  are  discussed. 
l~Robinson  and  Draper,  A  Study  of  the  Presphygmic  Period  of  the  Heart, 
Arch.  Int.  Med.,  I9IO  ,  v,  i68. G.  Canby Robinson and  George Draper.  223 
The  length  of each  systole has been  included  in  the  analysis,  in 
order to see if variations  are present which may throw light on the 
question of changes  in contractility.  It has  been measured  by de- 
termining the time elapsing between the first evidence of ventricular 
stimulation and the end of the T  wave. 
Finally the heights  of the  P  wave and  of the R  wave have been 
measured from points designated on the curves, from the bottom of 
the  rather  broad  line  forming  the  curve  to  the  inside  peak  of  the 
P  wave and to the crest of the R  wave. 
All  of  these  data  from  figures  I,  2,  3  and  4  are  tabulated  as 
follows :-- 
FROM  FIGURE  I.* 
Curve 16.  No Vagu$ Stimulation. 
Height of  Number  Preceding 
of cycle.  Q-Q"  Systole.  diastole.  Q-B.  P-Q. 
P.  R. 
I  0.92  0.355  0.I70  0.137  -- 
2  0.92  0.36  0.565  0.178  0.144  1.4  13.0 
3  O.96  0.365  O.56  0.172  0.136  1.4  12.7 
4  ....  O.36  O.595  0.174  0.137  1.4  12.3 
* Time measured in seconds, heights in millimeters. 
FROM  FIGURE 2. 
Curve I6.2.  Right Vagus Pressure. 
1 
2 
,3 
6 
7 
8 
9 
Number  _  Q-Q.  Systole. 
of cycle. 
0.36 
3.77 
1.34 
1.18 
1.o6 
1.o3 
o.38 
o.4o 
O.39 
o.38 
o.38 
o.39 
Preceding 
diastole. 
0.54 
0.58 
3.39 
0.94 
0.79 
0.68 
0.65 
Q-B.  P-Q. 
o.I77 
o.168 
o.172 
o.173 
o.17o 
o.173 
o.178 
O.172 
O.167 
o.144 
o.144 
o. 14o 
o.155 
o.I64 
o.144 
o.144 
o.144 
Height of 
P.  R. 
1.5  12.5 
1.5  12.5 
1.5  12.3 
1.5  13.5 
1.4  13.o 
1.3  12. 7 
1.5  12.6 
1.6  12.6 
* Stimulus  applied 
-~ Pressure  in  the 
fifth  cycle. 
soon  after  third  systole. 
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FROM  FIGURE  3. 
Curve 20.3.  Left  Vagus Pressure. 
Number of 
cycle. 
I 
2 
*3 
4 
5 
6 
7 
8 
9 
IO 
Q-Q.  Systole, 
0.84 
0.83 
0.86 
0.99 
1.3o 
1.15 
1.12 
i.o7 
I.O6 
0.36 
0.36 
0.34 
0.35 
0.36 
0.36 
0.36 
0.36 
0.35 
Preceding 
diastole. 
0.48 
0.47 
0.52 
0.65 
0.95 
0.79 
0.76 
0.71 
o.71 
Q-B. 
).I86 
).I86 
).I79 
).I7O 
).I74 
J.I7o 
).169 
3.I69 
:).177 
P-Q. 
:).I35 
:).I3I 
:).I37 
:).15o 
:).I5O 
3.183 
0.I62 
0.153 
0.I41 
9.I5I 
Height  of 
P.  R. 
v-- 
2. 3  16.6 
1.8  I6.6 
1.8  16.6 
1.8  16. 5 
1.9  15.6 
2.0  16.3 
2.0  16.1 
1.8  16.1 
2.0  16.6 
2.0  16.5 
* Vagus pressure here.  No appreciable change in T  wave. 
FROM  FIGURE  4. 
Curve  z7.  Right  Vagus Pressure.  After  1.2 rag. Atropln. 
Height  of 
Q-Q.  Systole.  Q-B.  P-Q.  Number of 
cycle. 
I 
2 
3 
*4 
5 
6 
7 
8 
9 
IO 
tII 
0.64 
o.61 
0.56 
0.57 
0.63 
0.66 
0,73 
0.75 
0.79 
0.82 
o.8o 
0.30 
0.29 
0.30 
0.315 
o.31 
0.32 
0.32 
0.32 
0.32 
0.32 
Preceding 
diastole. 
0.34 
0.32 
o.315 
0.35 
o.41 
0.43 
0.47 
0.50 
o.184 
0.200 
0.200 
o.18o 
o.183 
o.183 
o.186 
0.202 
o.198 
0.122 
O.122 
o.I3O 
o.13o 
o.117 
0.117 
0.I32 
0. I2I 
0.132 
o.14o 
1.4  lO.8 
1.5  I0.8 
II.1 
1.5  11.4 
I. 5  11.1 
1.5  10.8 
1.4  II.O 
I.o  lO.8 
1.5  11.o 
*Vagus  pressure  here.  tVagus  pressure  released. 
It is seen in figure 2 that pressure over the right vagus nerve, last- 
ing four seconds, produced an immediate, marked slowing or pause 
in the cardiac rhythm,  both the auricle and ventricle being affected. 
We are dealing therefore with an inhibitory action of the vagus on 
rhythmicity,  which  occurs  very  soon  after  vagus  stimulation,  and 
which  gradually  disappears.  The  conductivity  is  lowered  as  the 
P-Q  time  increases  from about o.144 second  to o.155  second  and 
then  to  o.164  second.  After  two  heart  beats  the  time  returns  to 
that seen before vagus pressure. 
The  Q-B  time  is  seen  to  remain  practically  unchanged,  as  our 
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closer  than  o.oi  second.  These  Q-B  figures  indicate,  therefore, 
that the left ventricle requires about the same period of time to over- 
come the  intra-aortic  pressure  after  a  very long  diastolic  pause  as 
after a  short one,  in  spite of the  facts that  the ventricle has had  a 
much  longer time  in which  to store  up energy-producing  material, 
and  that  the  intra-aortic  pressure  has  probably  fallen  below  that 
maintained  with the usual heart  rate.  The  low level to  which  the 
turgographic  record  from the brachial  artery  falls  is  an  indication 
of  a  lowered  intra-arterial  diastolic  pressure.  It  is  also  seen  that 
the height of the brachial waves following the long pauses is not so 
great as the waves occurring later in the curves. 
The  length  of systole, as measured  in the  electrocardiograms,  is 
somewhat  increased  after vagus  stimulation,  but this  may be only 
a  mechanical  result-due to a  slight overfilling of the ventricles  dur- 
ing the long  diastoles.  In a  record  in which  right  vagus pressure 
produced less marked slowing,  this lengthening  of systole does not 
occur.  Variations  in the length of systole allow, therefore,  no con- 
clusions  as  to  variations  in  the  force  of  ventricular  contractions. 
We have, however, in the other points considered, at least presump- 
tive evidence in this case that vagus stimulation causes a  diminution 
in the  force of ventricular  contractions.  Much  more  definite  evi- 
dence  of this  effect has  been  obtained,  in  practically  all  the  cases 
which we have studied, by a marked weakening of the heart sounds 
or of mitral  systolic murmurs when present, by a  diminution of the 
force of the radial pulse, and  in some instances by a  diminution  of 
the size of the graphic record of the apex beat taken from the chest 
wall.  The  curve  affords  no  evidence  as  to  any  changes  in  excit- 
ability of auricles or ventricles which may have occurred. 
No significant changes  in the size or form of the P  wave can be 
made out in the electrical curve, while there is a  definite increase in 
the  height  of  the  R  wave  following  right  vagus  pressure.  The 
meaning  of this  increase  in  the  action  current  accompanying  ven- 
tricular  systole  is  not  clear.  Rothberger  and  Winterberg  1~  have 
noted  a  decidedly  increased  height  of  the  R  wave  in  the  electro- 
cardiograms  from  dogs  after  vagus  stimulation,  and  they  believe 
that  it  is  a  purely  inhibitory  effect,  perhaps  an  expression  of  a 
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obtained  by stimulation  of  accelerator  nerves.  The  fact  that  the 
increased  R  waves  follow vagus  stimulation  makes  it  appear  un- 
likely that they represent increased ventricular power.  The work of 
Hering, 16  who  showed  that  the  weaker  beat  of  a  heart  in  which 
alternation had been produced was accompanied by a larger R  wave 
than the stronger beat, also leads to the conclusion that the increased 
R  wave has  some other significance than  an increase in ventricular 
power.  Slight elongation and flattening of the T  wave is seen after 
the stimulation of the nerve.  The significance of this change, which 
has also been observed, is not clear. 
The record obtained with left vagus pressure  (figure 3)  shows a 
much less marked  slowing,  the longest Q-Q interval  (representing 
the  cardiac  cycle)  being  1.3 o  seconds as  compared  to 3.77 seconds 
resulting  from  right  vagus  pressure.  The  fact  that  right  vagus 
pressure produces greater slowing than pressure on the left side was 
seen in practically all cases where pressure was made on each  side. 
There  is,  moreover,  a  difference  in  the  method  of  response  from 
pressure  on  the  two  sides  of  the  neck.  When  response  occurred 
from pressure on the  right  vagus,  the maximal  lengthening  of the 
cadiac cycle was seen at  once.  With  left-sided pressure,  however, 
in  both the  curves which we obtained,  the  first effect was the  pro- 
duction  of  a  submaximal  lengthening,  while  the  second  cardiac 
cycle showed the  maximal  slowing,  and  several  succeeding  cycles 
were longer  than  the  one  in which  the  effect of vagus  stimulation 
was first seen. 
In  spite  of a  lessened  degree  of slowing,  left  vagus  stimulation 
has  produced  a  distinctly  more  marked  delay  in  conduction  than 
pressure on the right  side of the neck.  The  records obtained  with 
left vagus pressure,  especially an unpublished curve,  show a  notice- 
able decrease in the Q-B time in response to the lengthening  of the 
preceding diastole.  Thus in the unpublished curve the  Q-B time is 
o.I 77 second when the preceding diastole is 0-445,  while it shortens 
to o.I52  second when the preceding  diastole  is o. 9  second  in  dura- 
tion.  This would make it appear probable that the left vagus stimu- 
lation had produced very little reduction in the  force of ventricular 
systole. 
~ Hering, t3ber den  Pulsus  irregularis perpetuus,  Deutsch.  Arch.  f.  klin.  Med., 
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The height of the P  wave shows no significant  changes,  while in 
both the published  and  the  unpublished  records  the  R  wave shows 
a  diminution  following the long diastoles, an opposite effect to that 
obtained by right vagus stimulation. 
On account of our somewhat uncertain manner of stimulating the 
vagus,  no  positive  conclusions  of  a  comparative  nature  can  be 
drawn.  We are justified, however, in saying that it is highly prob- 
able that  the two vagi influence the various cardiac properties  to a 
somewhat different degree,--at  least when stimulated  mechanically 
by pressure from without. 
The  various  experimenters,  who  have  obtained  electrocardio- 
grams  from  dogs  during  vagus  stimulation,  have  shown  that  the 
heart is markedly slowed, that the conduction time is increased, and 
that the auricular contractions are sometimes blocked.  The  P  wave 
is usually decreased in size, while the R  wave is increased ; a decrease 
or flattening  of the  T  wave has  also been noted.  The  curves  ob- 
tained  by means  of the  electrocardiograph  from  animals  in  which 
the vagus  nerve is stimulated  electrically,  and those  obtained  from 
our patient  in whom the vagus was stimulated by pressure,  show a 
close resemblance, and afford striking evidence that the vagus nerve 
affects the human heart in a  way which is very similar  to its effect 
on the heart of lower mammals. 
SUMMARY. 
Our records show that stimulation of the vagus nerve by pressure 
in a man with an anatomically normal heart has produced a  marked 
slowing of both auricles and ventricles, a  depression of conductivity 
of  the  heart  beat  from  auricles  to  ventricles,  and  probably  has 
resulted  in  a  diminution  in  the  force  of  contraction  of  the  left 
ventricle. 
Stimulation of the right vagus nerve has apparently in our case a 
more  marked  effect on  the  rate  of  the  heart  and  on  the  force of 
ventricular  contraction,  than has  stimulation  of the left.  The  left 
vagus stimulation  seems to have a  more marked  effect on the  con- 
duction of the cardiac  stimulus  from auricles  to ventricles.  While 
no significant changes have been noted in this case in the action cur- 
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seems to increase the action current of the ventricles, giving rise  to 
an increased  R  wave, while left vagus  stimulation  apparently  pro- 
duces the  opposite effect.  There  is  no evidence in our curves that 
any  changes  in  excitability  of  the  auricles  or  ventricles  are  pro- 
duced  by vagus  stimulation.  Our  records  supply  definite  evidence 
to the effect that the vagus nerve controls the heart in a  way which 
is very similar in man and in other mammals. 
THE  EFFECT  OF  VAGUS  STIMULATION  ON  HEARTS  SHOWING  AURIC- 
ULAR  FIBRILLATION. 
Many of the patients  with auricular fibrillation  and constantly ir- 
regular  ventricular  action,  which  we  have  studied,  have  shown 
marked response to pressure on the vagus nerve.  Figures 5, 6 and 7 
are  from three cases in which vagus pressure produced the longest 
pauses in the  cardiac  rhythm.  Two of the patients  were men over 
sixty, while  the  third  was a woman of  forty-four years.  Inall,  evi- 
dence of cardiac disease had been present for a number of years and 
the  hearts  of all  showed  enlargement  on  percussion.  The  patient 
from  whom  figure  6  was  obtained  showed  signs  of great  enlarge- 
ment.  Venous tracings  always showed curves typical  of auricular 
fibrillation or pulsus irregularis perpetuus.  The A  wave was always 
absent,  the C  and V  waves were prominent,  and  often fine undula- 
tions could be seen in the curves during diastole.  These small waves 
were  of  about  the  same  rate  as  the  undulations  in  the  diastolic 
periods  in the electrocardiograms,  and they doubtless represent  the 
same  phenomenon.  The  work  of  Rothberger  and  Winterberg 1~ 
and  of Lewis  is leaves no reasonable  doubt that  this phenomenon  is 
auricular  fibrillation.  In  all  the  cases  pressure  was  made  on  the 
right  side of the  neck.  The  results  of  an  analysis  of figures  5,  6 
and  7 are as follows :-- 
~'Rothberger  and  Winterberg,  Vorhofflimmern  und  Arhythmia  perpetua, 
V/ien.  klin.  l/Vchnschr.,  19o9, xxii, 839. 
~SLewis,  Auricular  Fibrillation and  its  Relationship  to  Clin.ical  IrreguIarity 
of the Heart,  Heart,  I91o,  i, 306. G.  Canby  Robin,  son  and  George Draper.  229 
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As  the  R  wave  represents  the  first  evidence  of  ventricular  activity,  this 
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The most striking feature in these cases is that vagus stimulation 
causes  long  delays  in  the ventricular  rhythm,  but  is  without  any 
definite effect on the auricular fibrillations.  At first sight it would 
appear that we have here evidence that the vagus nerve acts directly 
on the ventricle.  When the pathological physiology of these cases is 
considered, however, this marked disturbance of ventricular rhythm 
will be seen to depend probably on a reduction in the conductivity of 
the heart.  Cushny  19 has pointed out that "during auricular fibrilla- 
tion,  impulses are probably showered upon the aurieuloventricular 
fibers"  at  a  rapid  rate  and  only  a  certain  proportion  are  con- 
veyed to the ventricles.  The ventricles are stimulated at  irregular 
intervals,  but  the  number of effectual stimuli  per minute  depends 
upon the conductivity of the auriculoventricular fibers. 
As one of the most obvious effects of vagus stimulation is lower- 
ing of conductivity, it seems clear that pressure over the right vagus 
in  these cases has  caused a  complete blockage of stimuli  from the 
fibrillating auricles, lasting in one case as long as 6.55 seconds.  We 
have no evidence as to whether this striking effect depends upon an 
increased susceptibility of the conducting fibers to vagus stimulation 
or whether it  depends on the stimuli  from the fibrillating  auricles 
being of such a  nature that only slight lowering of the conductivity 
succeeds in  blocking them.  Vagus  stimulation  may produce  also 
some quantitative change in the auricular activity which is not to be 
detected in the electrical curves and which yet makes it incapable of 
sending  stimuli  to  the  ventricles.  It  may be  said,  however,  that 
many stimuli are probably being blocked constantly in this  form of 
heart lesion,  and  this  heightened ability to  block  stimuli  from the 
fibrillating auricles probably represents a conservative phenomenon. 
Digitalis,  which  is  well  known  to  possess  the  power  of  lowering 
conductivity, acts  with  especial benefit  in  cases  showing  auricular 
fibrillation, slowing the ventricles, as Cushny  19 suggests, probably by 
blocking a larger proportion of stimuli than would otherwise be the 
case.  This relation of digitalis to vagus action, which has been sug- 
gested by Wenckebach, will be discussed more fully in a  later com- 
munication. 
~9 Cushny,  Irregularity  of  the  Heart  and  Auricular  Fibrillation,  Am. ]our.  of 
Med.  Sciences,  I9II,  cxli,  826. G.  Canby  Robinson  and  George  Draper.  231 
A  number of records from the three cases here reported and from 
others  have  been  analyzed  in  order  to  determine  whether  vagus 
stimulation has produced changes in the electrocardiographic records 
of auricular fibrillation.  In figure 7, where the fibrillations produce 
fairly distinct waves,  a  slight increase  in rate  occurs; although  no 
conclusions are warranted from this observation, it does agree with 
some experimental findings  (Cushny).  Moreover  it  indicates that 
vagus  stimulation does  not prevent  or  lower  the  rate  of  auricular 
fibrillation as seen in diseased human hearts. 
The  effect  of  vagus  stimulation  on  the  fibrillating  auricles  in 
animals  is  an  unsettled  question,  as  various  results  have  been  re- 
ported.  Thus Fischel,  ~° McWilliam,  21 Philips  22 and Cushny  2s have 
shown that vagus stinmlation may restore the rhythm of the auricle 
after it has been thrown into fibrillation by direct electrical stimula- 
tion.  Kronecker and Spallitta  24 found that stimulation of the vagus 
does not abolish auricular fibrillation, and Rothberger and Winter- 
berg  25  have advanced strong evidence, in their electrocardiographic 
curves,  to  the  effect that  the  apparent  arrest  of  fibrillation is  not 
complete,  but  is  really the  expression  of a  powerful  depression  of 
the  force  of auricular contraction.  Several  observers  have  shown 
that  stimulation  of  the  vagus  nerve  alone may throw  the  auricles 
into fibrillation, and Winterberg  ~6  found that weaker stimulation of 
the  auricles caused  fibrillation more  readily during vagus  stimula- 
tion than when the nerve  was  not stimulated.  Garrey,  27  who  has 
2°Fischel, iYber Tonus~inderungen und  die  anderen  graphiseh  an  den  vier 
Abtheilungen des S~iugethierherzens  bei elektrischer Reizung desselben zu ermit- 
telnden Erscheinungen, Arch. f.  exp. Path. u.  Pharmakol.,  I897, xxxviii, 228. 
McWiUiam, Fibrillar  Contraction of the Heart,  ]our.  Phys.,  1887, viii, 296. 
Philips,  Les  tr6mulations  fibrillaires  des  oreillettes  et  des  ventricules  du 
coeur de chien, Arch. internat,  de physiol.,  19o5, ii, 271. 
Cushny, The Therapeutics  of Digitalis  and its Allies, Am.  ]our.  Med.  Sc., 
I9iI, cxli, 469. 
2' Kronecker  and  Spallitta,  La conduction de  l'inhibition  ~ travers  le  coeur 
du chien, Arch. internat,  de physiol.,  19o5, ii, 223. 
~Rothberger and Winterberg,  l~ber das  Elektrokardiogramm  bei  Flimmern 
der Vorh6fe,  Arch.  f.  d.  ges.  Physiol.,  191o, cxxxi, 387. 
Wiaaterberg, Studien fiber Herzflimmern. Ist part,  Arch.  f.  d.  ges. Physiol., 
19o7, cxvii, 223. 
~Garrey,  Some  Effects  of  Cardiac  Nerves  upon Ventrieular  Fibrillation, 
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recently experimented on the subject and has reviewed the evidence, 
considers that the  fact is established in animals  that  auricular  fibril- 
lation, at least in some stages, can be controlled by the vagi. 
In comparing the results of animal experiments with our observa- 
tions on the human heart,  it must be remembered that the conditions 
are  doubtless  very  different.  What  may  be  spoken  of  as  fresh 
fibrillation produced in normal auricles and dealt with immediately, 
is probably a  very labile condition  from  which  the  auricles  tend  to 
revert  to  rhythmicity.  But  the  heart  of a  patient,  who has  had  a 
constantly  irregular  pulse  over  a  long  period,  presents  an  auricle 
with old established fibrillation  which  has shown no tendency, per- 
haps  for years, to beat coordinately.  In these cases vagus stimula- 
tion has apparently marked effect on conductivity, while it does not 
seem to affect auricular  activity.  Consequently, there may be some 
inherent  difference  in  the  condition  of  the  auricle  itself  which 
renders  its  response  to  vagus  stimulation  nil.  Our  observations 
throw no light  on the nature  of this  suspected difference. 
The  effect  of  right  vagus  pressure  on  the  force  of  ventricular 
systole is apparent.  In figure 5  for instance the brachial pulse wave 
is nmch reduced in size, and the time,  in spite of the long preceding 
diastole, between the ventricular stimulus and the appearance  of the 
brachial pulse wave is increased.  Figure 7 affords another example 
of this condition.  Auscultation over the heart in these cases revealed 
a great diminution in the force of the heart sounds and left no doubt 
in our minds  that  following vagus stimulation  there  was  a  distinct 
decrease in the  force of ventricular  contractions.  There  seems no 
other  interpretation  of  this  phenomenon  than  to  consider  that  in 
hearts with auricular fibrillation,  the right vagus nerve acts directly 
on the ventricles,  causing a marked diminution  in the  force of con- 
traction. 
The effect on the height of the R  wave is apparently variable:  in 
curve 7 there is an increase in height,  no effect is apparent  in curve 
6,  while in curve  5 the  negative wave,  representing  the ventricular 
contraction occurring after the long pause,  is much reduced  in size, 
although  its  form  is  unchanged. 
In figures 5 and 6 abnormal ventricular complexes are seen in the 
electrical  curves  following  the  long  inhibitory  pauses.  We  have G.  Canby Robinson and  George Draper.  233 
seen  them  in  several  other  curves.  Kahn 1°  and  Hering  °  have 
observed  that  abnormal  complexes  occur  during  or  after  vagus 
stimulation in dogs, and Hering considers that they may be due to 
ventricular  systoles  which  are  greatly weakened by  vagus  action. 
Without discussing Hering's arguments, it must be said that these 
abnormal ventricular complexes seem to us to represent ventricular 
systoles  arising  from some  abnormal  point  in  the  ventricle itself. 
The significance of the abnornaal curves has been discussed by James 
and  Williams, ~s  Winterberg  29  and  others.  The  presence  of  the 
ectopic ventricular beats following period's of long ventricular quies- 
cence suggests that in the absence of stimuli from the auricles, some 
abnormal point is  attempting to carry on the  function of stimulus 
formation; thus affording another example of a  conservative proc- 
ess similar to that seen in some cases of complete heart-block.  In 
the case from which tracing 6 was obtained, ectopic ventricular beats 
occur frequently, independent of vagus stimulation.  The absence of 
such beats during the long pause of the ventricle suggests the possi- 
bility of a lowering of excitability of the ventricle by vagus action. 
This indefinite evidence is all that our records give in regard to the 
effect of the vagus stimulation in these abnormal hearts.  Roy and 
Adami  3° believed that their experiments show that direct excitation 
of the vagus may so lower the excitability of the ventricles that the 
contractions may not extend over the whole of the walls.  If such a 
result is possible, the abnormal ventricular complexes in our figures 
may  be  explained  as  representing  these  partial  ventricular  con- 
tractions. 
SUM MARY. 
In hearts showing auricular fibrillation mechanical stimulation of 
the right vagus nerve causes, as a  rule, marked slowing or stoppage 
of ventricular rhythm, without producing any appreciable effect in 
the  electrocardiographic record  of  the  auricular  fibrillation.  The 
James and  Williams, The  Electrocardiogram in  Clinical Medicine;  II, The 
Electrocardiogram  in  some  Familiar  Diseases  of  the  Heart,  Am.  Jour.  Med. 
Sc.,  I9IO, cxl, 644. 
~Winterberg,  Das  Elektrokardiogramm,  seine  theoretische  und  praktische 
Bedeutung, Med. Klinik,  I9II, vii, 761  and 8o4. 
~Roy  and  Adami,  Contribution  to  the  Physiology  and  Pathology  of  the 
Mammalian Heart, Brit.  Med.  ]our.,  I892, i, 428. 234,  Action of Vagus Nerve on the Human Heart. 
ventricular pauses are apparently due to the blocking of stimuli from 
the auricles.  The force of ventricular systole is distinctly weakened 
for several  beats  after vagus  stimulation,  and  ectopic ventricular 
systoles have been seen in several instances, apparently the result of 
the vagus action.  There may, in some cases, be lowered excitability 
of the ventricles, while no constant change is seen in the size of the 
electrical complexes representing ventricular systole. 
EXPLANATION  OF  PLATES. 
PLATE  22. 
FIG.  I.  Curve  from  patient  with  an  anatomically  normal  heart.  Patient 
No.  I. 
FIG. 2.  The  effect of  pressure on  the right  vagus  nerve.  Patient  No.  I. 
FIG.  3.  The  effect of  pressure  on, the  left vagus  nerve.  Patient  No.  I. 
PLATE 23. 
FIG. 4.  The  effect  of  pressure  on  the  right  vagus  nerve  after  the  admin- 
istration of  atropin.  Patient No.  I. 
FIG.  5.  The  effect  of  pressure  on  the  right  vagus  nerve  on  a  heart  with 
auricular  fibrillation.  Patient  No.  2. 
PLATE 2  4  . 
Fro.  6.  The  effect of  right vagus  pressure  on  a  heart  with auricular  fibril- 
lation.  Patient  No.  3.  The  electrocardiogram was  taken  from  the  third  lead, 
i.  e., left arm and  left foot. 
FIa.  7.  The  effect of  right vagus  pressure  on  a  heart  with  auricular  fibril- 
lation.  Patient No. 4- W
 